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ABSTRACT 

A system for enabling a tablet input object is described. A 
tablet input object can take various inputs from touch, a 
mouse, and a pen and send their information to an applica 
tion. 
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MECHANISM FOR ALLOWING APPLICATIONS 
TO FILTER OUT OR OPT INTO TABLE INPUT 

RELATED APPLICATION INFORMATION 

[0001] This application claims priority to US. Ser. No. 
60/673,771, ?led Apr. 22, 2005, Whose contents are 
expressly incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] Typical computer systems, especially computer 
systems using graphical user interface (GUI) systems such 
as Microsoft WINDOWS, are optimized for accepting user 
input from one or more discrete input devices such as a 
keyboard for entering text, and a pointing device such as a 
mouse With one or more buttons for driving the user inter 
face. The ubiquitous keyboard and mouse interface provides 
for fast creation and modi?cation of documents, spread 
sheets, database ?elds, draWings, photos and the like. HoW 
ever, there is a signi?cant gap in the ?exibility provided by 
the keyboard and mouse interface as compared With the 
non-computer (i.e., standard) pen and paper. With the stan 
dard pen and paper, a user edits a document, Writes notes in 
a margin, and draWs pictures and other shapes and the like. 
In some instances, a user may prefer to use a pen to mark-up 
a document rather than revieW the document on-screen 
because of the ability to freely make notes outside of the 
con?nes of the keyboard and mouse interface. 

[0003] One aspect of stylus based computing is the use of 
touch input for use With stylus based computers. Some 
computing systems use a passive digitiZer that responds to 
any type of contact (including a person’s ?ngertip). Con 
ventional computing systems do not provide programmati 
cal access of touch input to control the behavior of systems. 
In short, developers need to Write individualiZed code for 
each application to alloW a user to use touch in place of 
mouse or keyboard input. 

BRIEF SUMMARY OF THE INVENTION 

[0004] Aspects of the present invention address one or 
more of the problems described above, thereby improving 
the use of touch in computing systems. These and other 
aspects are set forth in greater detail beloW. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0005] The present invention is illustrated by Way of 
example and not limited in the accompanying ?gures. 

[0006] FIG. 1A illustrates a schematic diagram of a gen 
eral-purpose digital computing environment in Which cer 
tain aspects of the present invention may be implemented. 

[0007] FIGS. 1B through 1M shoW a general-purpose 
computer environment supporting one or more aspects of the 
present invention. 

[0008] FIG. 2 shoWs an illustrative example of a tablet 
computer in accordance With aspects of the present inven 
tion. 

[0009] FIG. 3 shoWs various input techniques in accor 
dance With aspects of the present invention. 

[0010] FIG. 4 shoWs an illustrative example of a tablet 
input object in accordance With aspects of the present 
invention. 
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DETAILED DESCRIPTION OF THE 
INVENTION 

[0011] Aspects of the present invention relate to alloWing 
programmatical access to computing systems to alloW 
touch-based user input to function as other inputs. 

[0012] This document is divided into sections to assist the 
reader. These sections include: overvieW, characteristics of 
ink, terms, general-purpose computing environment, pen 
based computing platforms, and tablet input techniques. 

[0013] It is noted that various connections are set forth 
betWeen elements in the folloWing description. It is noted 
that these connections in general and, unless speci?ed oth 
erWise, may be direct or indirect and that this speci?cation 
is not intended to be limiting in this respect. 

OvervieW 

[0014] Aspects of the present invention relate to providing 
a tablet input object that alloWs touch input to be used as 
stylus-based input. In some aspects, touch-based events are 
provided With additional information to alloW subsequent 
processing to handle the touch input as it Were stylus-based 
or mouse-based input. Touch is de?ned as contact With a 
digitiZer using a user’s ?nger tip, ?nger nail, or the like. 

Characteristics of Ink 

[0015] As knoWn to users Who use ink pens, physical ink 
(the kind laid doWn on paper using a pen With an ink 
reservoir) may convey more information than a series of 
coordinates connected by line segments. For example, 
physical ink can re?ect pen pressure (by the thickness of the 
ink), pen angle (by the shape of the line or curve segments 
and the behavior of the ink around discrete points), and the 
speed of the nib of the pen (by the straightness, line Width, 
and line Width changes over the course of a line or curve). 
Further examples include the Way ink is absorbed into the 
?bers of paper or other surface it is deposited on. These 
subtle characteristics also aid in conveying the above listed 
properties. Because of these additional properties, emotion, 
personality, emphasis and so forth can be more instanta 
neously conveyed than With uniform line Width betWeen 
points. 

[0016] Electronic ink (or ink) relates to the capture and 
display of electronic information captured When a user uses 
a stylus-based input device. Electronic ink refers to a 
sequence or any arbitrary collection of strokes, Where each 
stroke is comprised of a sequence of points. The strokes may 
have been draWn or collected at the same time or may have 
been draWn or collected at independent times and locations 
and for independent reasons. The points may be represented 
using a variety of knoWn techniques including Cartesian 
coordinates (X, Y), polar coordinates (r, 6)), and other 
techniques as knoWn in the art. Electronic ink may include 
representations of properties of real ink including pressure, 
angle, speed, color, stylus siZe, and ink opacity. Electronic 
ink may further include other properties including the order 
of hoW ink Was deposited on a page (a raster pattern of left 
to right then doWn for most Western languages), a timestamp 
(indicating When the ink Was deposited), indication of the 
author of the ink, and the originating device (at least one of 
an identi?cation of a machine upon Which the ink Was draWn 
or an identi?cation of the pen used to deposit the ink) among 
other information. 
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[0017] Among the characteristics described above, the 
temporal order of strokes and a stroke being a series of 
coordinates are primarily used. All other characteristics can 
be used as Well. 

Terms 

Term De?nition 

Ink A sequence or set of strokes With properties. 
A sequence of strokes may include strokes in 
an ordered form. The sequence may be 
ordered by the time captured or by Where the 
strokes appear on a page or in collaborative 

situations by the author of the ink. Other 
orders are possible. A set of strokes may 
include sequences of strokes or unordered 
strokes or any combination thereof. Further, 
some properties may be unique to each stroke 
or point in the stroke (for example, pressure, 
speed, angle, and the like). These properties 
may be stored at the stroke or point level, and 
not at the ink level. 
A data structure storing ink With or Without 
properties. 
A sequence or set of captured points. For 
example, When rendered, the sequence of 
points may be connected With lines. 
Alternatively, the stroke may be represented 
as a point and a vector in the direction of the 
next point. In short, a stroke is intended to 
encompass any representation of points or 
segments relating to ink, irrespective of the 
underlying representation of points and/or 
What connects the points. 
Any electronic ?le that has a viewable 
representation and content. A document may 
include a Web page, a Word processing 
document, a note page or pad, a spreadsheet, 
a visual presentation, a database record, 
image ?les, and combinations thereof. 
The process of determining hoW information 
(including text, graphics, and/or electronic 
ink) is to be displayed, Whether on a screen, 
printed, or output in some other manner. 
Any available media that can be accessed by 
a user on a computer system. By Way of 
example, and not limitation, “computer 
readable media” may include computer 
storage media and communication media. 
“Computer storage media” includes volatile 
and nonvolatile, removable and non 
removable media implemented in any method 
or technology for storage of information, 
such as computer-readable instructions, data 
structures, program modules or other data. 

Computer storage media “Computer storage media” includes, but is 
not limited to, RAM, ROM, EEPROM, flash 
memory or other memory technology; CD 
ROM, digital versatile disks (DVD) or other 
optical storage devices; magnetic cassettes, 
magnetic tape, magnetic disk storage or other 
magnetic storage devices; or any other 
medium that can be used to store the desired 
information and that can be accessed by a 
computer. 

Ink object 

Stroke 

Document 

Render or Rendered 

or Rendering 

Computer-readable 
medium 

General-Purpose Computing Environment 
[0018] FIG. 1 illustrates an example of a suitable com 
puting system environment 100 on Which the invention may 
be implemented. The computing system environment 100 is 
only one example of a suitable computing environment and 
is not intended to suggest any limitation as to the scope of 
use or functionality of the invention. Neither should the 
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computing environment 100 be interpreted as having any 
dependency or requirement relating to any one or combina 
tion of components illustrated in the exemplary operating 
environment 100. 

[0019] The invention is operational With numerous other 
general purpose or special purpose computing system envi 
ronments or con?gurations. Examples of Well knoWn com 
puting systems, environments, and/or con?gurations that 
may be suitable for use With the invention include, but are 
not limited to, personal computers, server computers, hand 
held or laptop devices, multiprocessor systems, micropro 
cessor-based systems, set top boxes, programmable con 
sumer electronics, netWork PCs, minicomputers, mainframe 
computers, distributed computing environments that include 
any of the above systems or devices, and the like. 

[0020] The invention may be described in the general 
context of computer-executable instructions, such as pro 
gram modules, being executed by a computer. Generally, 
program modules include routines, programs, objects, com 
ponents, data structures, etc., that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
Where tasks are performed by remote processing devices that 
are linked through a communications netWork. In a distrib 
uted computing environment, program modules may be 
located in both local and remote computer storage media 
including memory storage devices. 

[0021] With reference to FIG. 1, an exemplary system for 
implementing the invention includes a general purpose 
computing device in the form of a computer 110. Compo 
nents of computer 110 may include, but are not limited to, 
a processing unit 120, a system memory 130, and a system 
bus 121 that couples various system components including 
the system memory to the processing unit 120. The system 
bus 121 may be any of several types of bus structures 
including a memory bus or memory controller, a peripheral 
bus, and a local bus using any of a variety of bus architec 
tures. By Way of example, and not limitation, such archi 
tectures include Industry Standard Architecture (ISA) bus, 
Micro Channel Architecture (MCA) bus, Enhanced ISA 
(EISA) bus, Video Electronics Standards Association 
(V ESA) local bus, and Peripheral Component Interconnect 
(PCI) bus also knoWn as MeZZanine bus. 

[0022] Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By Way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes both volatile and nonvolatile, and removable 
and non-removable media implemented in any method or 
technology for storage of information such as computer 
readable instructions, data structures, program modules or 
other data. Computer storage media includes, but is not 
limited to, RAM, ROM, EEPROM, ?ash memory or other 
memory technology, CD-ROM, digital versatile disks 
(DVD) or other optical disk storage, magnetic cassettes, 
magnetic tape, magnetic disk storage or other magnetic 
storage devices, or any other medium Which can be used to 
store the desired information and Which can accessed by 
computer 110. Communication media typically embodies 
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computer readable instructions, data structures, program 
modules or other data in a modulated data signal such as a 
carrier Wave or other transport mechanism and includes any 
information delivery media. The term “modulated data sig 
nal” means a signal that has one or more of its characteristics 
set or changed in such a manner as to encode information in 

the signal. By Way of example, and not limitation, commu 
nication media includes Wired media such as a Wired net 
Work or direct-Wired connection, and Wireless media such as 
acoustic, RF, infrared and other Wireless media. Combina 
tions of the any of the above should also be included Within 
the scope of computer readable media. 

[0023] The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
information betWeen elements Within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By Way of example, and not 
limitation, FIG. 1 illustrates operating system 134, applica 
tion programs 135, other program modules 136, and pro 
gram data 137. 

[0024] The computer 110 may also include other remov 
able/non-removable, volatile/nonvolatile computer storage 
media. By Way of example only, FIG. 1 illustrates a hard 
disk drive 141 that reads from or Writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or Writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
Writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, ?ash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through a non-removable memory interface such as interface 
140, and magnetic disk drive 151 and optical disk drive 155 
are typically connected to the system bus 121 by a remov 
able memory interface, such as interface 150. 

[0025] The drives and their associated computer storage 
media discussed above and illustrated in FIG. 1, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 1, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145, 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 

from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. Auser may enter commands and information into the 
computer 20 through input devices such as a keyboard 162 
and pointing device 161, commonly referred to as a mouse, 
trackball or touch pad. Other input devices (not shoWn) may 
include a microphone, joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
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connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus, but may be 
connected by other interface and bus structures, such as a 
parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface, such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, Which may be connected through an 
output peripheral interface 195. 

[0026] The computer 110 may operate in a netWorked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180. The 
remote computer 180 may be a personal computer, a server, 
a router, a netWork PC, a peer device or other common 
netWork node, and typically includes many or all of the 
elements described above relative to the computer 110, 
although only a memory storage device 181 has been 
illustrated in FIG. 1. The logical connections depicted in 
FIG. 1 include a local area netWork (LAN) 171 and a Wide 
area netWork (WAN) 173, but may also include other 
netWorks. Such netWorking environments are commonplace 
in of?ces, enterprise-Wide computer netWorks, intranets and 
the Internet. 

[0027] When used in a LAN netWorking environment, the 
computer 110 is connected to the LAN 171 through a 
netWork interface or adapter 170. When used in a WAN 
networking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, Which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160, or other appropriate mechanism. In a netWorked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By Way of example, and not limi 
tation, FIG. 1 illustrates remote application programs 185 as 
residing on memory device 181. It Will be appreciated that 
the netWork connections shoWn are exemplary and other 
means of establishing a communications link betWeen the 
computers may be used. 

[0028] In some aspects, a pen digitiZer 165 and accompa 
nying pen or stylus 166 are provided in order to digitally 
capture freehand input. Although a direct connection 
betWeen the pen digitiZer 165 and the user input interface 
160 is shoWn, in practice, the pen digitiZer 165 may be 
coupled to the processing unit 110 directly, parallel port or 
other interface and the system bus 130 by any technique 
including Wirelessly. Also, the pen 166 may have a camera 
associated With it and a transceiver for Wirelessly transmit 
ting image information captured by the camera to an inter 
face interacting With bus 130. Further, the pen may have 
other sensing systems in addition to or in place of the camera 
for determining strokes of electronic ink including acceler 
ometers, magnetometers, and gyroscopes. 

[0029] It Will be appreciated that the netWork connections 
shoWn are exemplary and other means of establishing a 
communications link betWeen the computers can be used. 
The existence of any of various Well-knoWn protocols such 
as TCP/IP, Ethernet, FTP, HTTP and the like is presumed, 
and the system can be operated in a client-server con?gu 
ration to permit a user to retrieve Web pages from a Web 
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based server. Any of various conventional Web browsers can 
be used to display and manipulate data on Web pages. 

[0030] A programming interface (or more simply, inter 
face) may be vieWed as any mechanism, process, protocol 
for enabling one or more segment(s) of code to communi 
cate With or access the functionality provided by one or more 
other segment(s) of code. Alternatively, a programming 
interface may be vieWed as one or more mechanism(s), 

method(s), function call(s), module(s), object(s), etc. of a 
component of a system capable of communicative coupling 
to one or more mechanism(s), method(s), function call(s), 
module(s), etc. of other component(s). The term “segment of 
code” in the preceding sentence is intended to include one or 
more instructions or lines of code, and includes, e.g., code 
modules, objects, subroutines, functions, and so on, regard 
less of the terminology applied or Whether the code seg 
ments are separately compiled, or Whether the code seg 
ments are provided as source, intermediate, or object code, 
Whether the code segments are utiliZed in a runtime system 
or process, or Whether they are located on the same or 

different machines or distributed across multiple machines, 
or Whether the functionality represented by the segments of 
code are implemented Wholly in softWare, Wholly in hard 
Ware, or a combination of hardWare and softWare. 

[0031] Notionally, a programming interface may be 
vieWed generically, as shoWn in FIG. 1B or FIG. 1C. FIG. 
1B illustrates an interface Interface1 as a conduit through 
Which ?rst and second code segments communicate. FIG. 
1C illustrates an interface as comprising interface objects 11 
and 12 (Which may or may not be part of the ?rst and second 
code segments), Which enable ?rst and second code seg 
ments of a system to communicate via medium M. In the 
vieW of FIG. 1C, one may consider interface objects 11 and 
12 as separate interfaces of the same system and one may 
also consider that objects 11 and 12 plus medium M com 
prise the interface. Although FIGS. 1B and 1C shoW 
bi-directional How and interfaces on each side of the How, 
certain implementations may only have information How in 
one direction (or no information How as described beloW) or 
may only have an interface object on one side. By Way of 
example, and not limitation, terms such as application 
programming interface (API), entry point, method, function, 
subroutine, remote procedure call, and component object 
model (COM) interface, are encompassed Within the de? 
nition of programming interface. 

[0032] Aspects of such a programming interface may 
include the method Whereby the ?rst code segment transmits 
information (Where “information” is used in its broadest 
sense and includes data, commands, requests, etc.) to the 
second code segment; the method Whereby the second code 
segment receives the information; and the structure, 
sequence, syntax, organiZation, schema, timing and content 
of the information. In this regard, the underlying transport 
medium itself may be unimportant to the operation of the 
interface, Whether the medium be Wired or Wireless, or a 
combination of both, as long as the information is trans 
ported in the manner de?ned by the interface. In certain 
situations, information may not be passed in one or both 
directions in the conventional sense, as the information 
transfer may be either via another mechanism (e.g. infor 
mation placed in a buffer, ?le, etc. separate from information 
How betWeen the code segments) or non-existent, as When 
one code segment simply accesses functionality performed 
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by a second code segment. Any or all of these aspects may 
be important in a given situation, e. g., depending on Whether 
the code segments are part of a system in a loosely coupled 
or tightly coupled con?guration, and so this list should be 
considered illustrative and non-limiting. 

[0033] This notion of a programming interface is knoWn to 
those skilled in the art and is clear from the foregoing 
detailed description of the invention. There are, hoWever, 
other Ways to implement a programming interface, and, 
unless expressly excluded, these too are intended to be 
encompassed by the claims set forth at the end of this 
speci?cation. Such other Ways may appear to be more 
sophisticated or complex than the simplistic vieW of FIGS. 
1B and 1C, but they nonetheless perform a similar function 
to accomplish the same overall result. We Will noW brie?y 
describe some illustrative alternative implementations of a 
programming interface. 

A. Factoring 

[0034] A communication from one code segment to 
another may be accomplished indirectly by breaking the 
communication into multiple discrete communications. This 
is depicted schematically in FIGS. 1D and 1E. As shoWn, 
some interfaces can be described in terms of divisible sets of 
functionality. Thus, the interface functionality of FIGS. 1B 
and 1C may be factored to achieve the same result, just as 
one may mathematically provide 24, or 2 times 2 times 3 
times 2. Accordingly, as illustrated in FIG. 1D, the function 
provided by interface Interface1 may be subdivided to 
convert the communications of the interface into multiple 
interfaces Interface1A, Interface1B, Interface1C, etc. While 
achieving the same result. As illustrated in FIG. IF, the 
function provided by interface 11 may be subdivided into 
multiple interfaces 11a, 11b, 110, etc. While achieving the 
same result. Similarly, interface 12 of the second code 
segment Which receives information from the ?rst code 
segment may be factored into multiple interfaces 12a, 12b, 
120, etc. When factoring, the number of interfaces included 
With the 1st code segment need not match the number of 
interfaces included With the 2nd code segment. In either of 
the cases of FIGS. 1D and IF, the functional spirit of 
interfaces Interface1 and 11 remain the same as With FIGS. 
1B and 1C, respectively. The factoring of interfaces may 
also folloW associative, commutative, and other mathemati 
cal properties such that the factoring may be dif?cult to 
recogniZe. For instance, ordering of operations may be 
unimportant, and consequently, a function carried out by an 
interface may be carried out Well in advance of reaching the 
interface, by another piece of code or interface, or performed 
by a separate component of the system. Moreover, one of 
ordinary skill in the programming arts can appreciate that 
there are a variety of Ways of making different function calls 
that achieve the same result. 

B. Rede?nition 

[0035] In some cases, it may be possible to ignore, add or 
rede?ne certain aspects (e.g., parameters) of a programming 
interface While still accomplishing the intended result. This 
is illustrated in FIGS. 1F and 1G. For example, assume 
interface Interface1 of FIG. 1B includes a function call 
Square (input, precision, output), a call that includes three 
parameters, input, precision and output, and Which is issued 
from the 1st Code Segment to the 2nd Code Segment. If the 
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middle parameter precision is of no concern in a given 
scenario, as shoWn in FIG. IF, it could just as Well be 
ignored or even replaced With a meaningless (in this situa 
tion) parameter. One may also add an additional parameter 
of no concern. In either event, the functionality of square can 
be achieved, so long as output is returned after input is 
squared by the second code segment. Precision may very 
Well be a meaningful parameter to some doWnstream or 
other portion of the computing system; hoWever, once it is 
recogniZed that precision is not necessary for the narroW 
purpose of calculating the square, it may be replaced or 
ignored. For example, instead of passing a valid precision 
value, a meaningless value such as a birth date could be 
passed Without adversely affecting the result. Similarly, as 
shoWn in FIG. 1G, interface 11 is replaced by interface 11', 
rede?ned to ignore or add parameters to the interface. 
Interface 12 may similarly be rede?ned as interface 12', 
rede?ned to ignore unnecessary parameters, or parameters 
that may be processed elseWhere. The point here is that in 
some cases a programming interface may include aspects, 
such as parameters, Which are not needed for some purpose, 
and so they may be ignored or rede?ned, or processed 
elseWhere for other purposes. 

C. Inline Coding 

[0036] It may also be feasible to merge some or all of the 
functionality of tWo separate code modules such that the 
“interface” betWeen them changes form. For example, the 
functionality of FIGS. 1B and 1C may be converted to the 
functionality of FIGS. 1H and II, respectively. In FIG. 1H, 
the previous 1st and 2nd Code Segments of FIG. 1B are 
merged into a module containing both of them. In this case, 
the code segments may still be communicating With each 
other but the interface may be adapted to a form Which is 
more suitable to the single module. Thus, for example, 
formal Call and Return statements may no longer be nec 
essary, but similar processing or response(s) pursuant to 
interface Interface1 may still be in effect. Similarly, shoWn 
in FIG. 11, part (or all) of interface 12 from FIG. 1C may 
be Written inline into interface 11 to form interface 11". As 
illustrated, interface 12 is divided into 1211 and 12b, and 
interface portion 1211 has been coded in-line With interface 
11 to form interface 11". For a concrete example, consider 
that the interface 11 from FIG. 1C performs a function call 
square (input, output), Which is received by interface 12, 
Which after processing the value passed With input (to 
calculate the square of an input) by the second code seg 
ment, passes back the squared result With output. In such a 
case, the processing performed by the second code segment 
(squaring input) can be performed by the ?rst code segment 
Without a call to the interface. 

D. Divorce 

[0037] A communication from one code segment to 
another may be accomplished indirectly by breaking the 
communication into multiple discrete communications. This 
is depicted schematically in FIGS. 1J and 1K. As shoWn in 
FIG. 1J, one or more piece(s) of code (Divorce Interface(s), 
since they divorce functionality and/or interface functions 
from the original interface) are provided to convert the 
communications on the ?rst interface, Interface1, to conform 
them to a different interface, in this case interfaces 
Interface2A, Interface2B and Interface2C. This might be 

Dec. 14, 2006 

done, e.g., Where there is an installed base of applications 
designed to communicate With, say, an operating system in 
accordance With an Interface1 protocol, but then the oper 
ating system is changed to use a different interface, in this 
case interfaces Interface2A, Interface2B and Interface2C. 
The point is that the original interface used by the 2nd Code 
Segment is changed such that it is no longer compatible With 
the interface used by the 1st Code Segment, and so an 
intermediary is used to make the old and neW interfaces 
compatible. Similarly, as shoWn in FIG. 1K, a third code 
segment can be introduced With divorce interface D11 to 
receive the communications from interface 11 and With 
divorce interface D12 to transmit the interface functionality 
to, for example, interfaces 12a and 12b, redesigned to Work 
With D12, but to provide the same functional result. Simi 
larly, D11 and D12 may Work together to translate the 
functionality of interfaces 11 and 12 of FIG. 1C to a neW 
operating system, While providing the same or similar func 
tional result. 

E. ReWriting 

[0038] Yet another possible variant is to dynamically 
reWrite the code to replace the interface functionality With 
something else but Which achieves the same overall result. 
For example, there may be a system in Which a code segment 
presented in an intermediate language (e.g. Microsoft IL, 
Java ByteCode, etc.) is provided to a Just-in-Time (JIT) 
compiler or interpreter in an execution environment (such as 
that provided by the Net frameWork, the Java runtime 
environment, or other similar runtime type environments). 
The JIT compiler may be Written so as to dynamically 
convert the communications from the 1st Code Segment to 
the 2nd Code Segment, i.e., to conform them to a different 
interface as may be required by the 2nd Code Segment 
(either the original or a different 2nd Code Segment). This 
is depicted in FIGS. 1L and 1M. As can be seen in FIG. 1L, 
this approach is similar to the Divorce scenario described 
above. It might be done, e.g., Where an installed base of 
applications are designed to communicate With an operating 
system in accordance With an Interface1 protocol, but then 
the operating system is changed to use a different interface. 
The JIT Compiler could be used to conform the communi 
cations on the ?y from the installed-base applications to the 
neW interface of the operating system. As depicted in FIG. 
1M, this approach of dynamically reWriting the interface(s) 
may be applied to dynamically factor, or otherWise alter the 
interface(s) as Well. 

[0039] It is also noted that the above-described scenarios 
for achieving the same or similar result as an interface via 
alternative embodiments may also be combined in various 
Ways, serially and/or in parallel, or With other intervening 
code. Thus, the alternative embodiments presented above 
are not mutually exclusive and may be mixed, matched and 
combined to produce the same or equivalent scenarios to the 
generic scenarios presented in FIGS. 1B and 1C. It is also 
noted that, as With most programming constructs, there are 
other similar Ways of achieving the same or similar func 
tionality of an interface Which may not be described herein, 
but nonetheless are represented by the spirit and scope of the 
invention, i.e., it is noted that it is at least partly the 
functionality represented by, and the advantageous results 
enabled by, an interface that underlie the value of an 
interface. 
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Pen-Based Computing Platforms 

[0040] FIG. 2 illustrates an illustrative tablet PC 201 that 
can be used in accordance With various aspects of the present 
invention. Any or all of the features, subsystems, and 
functions in the system of FIG. 1 can be included in the 
computer of FIG. 2. Tablet PC 201 includes a large display 
surface 202, e.g., a digitizing ?at panel display, preferably, 
a liquid crystal display (LCD) screen, on Which a plurality 
of WindoWs 203 is displayed. Using stylus 204, a user can 
select, highlight, and/or Write on the digitiZing display 
surface 202. Examples of suitable digitiZing display surfaces 
202 include electromagnetic pen digitiZers, such as FineP 
oint or Wacom pen digitiZers. Other types of pen digitiZers, 
e.g., optical digitiZers, may also be used. Tablet PC 201 
interprets gestures made using stylus 204 in order to 
manipulate data, enter text, create draWings, and/or execute 
conventional computer application tasks such as spread 
sheets, Word processing programs, and the like. Tablet PC 
201 may also be a PDA, kiosk, telephone, television, and 
any pen-based computing platform. 

[0041] The stylus 204 may be equipped With one or more 
buttons or other features to augment its selection capabili 
ties. In one embodiment, the stylus 204 could be imple 
mented as a “pencil” or “pen”, in Which one end constitutes 
a Writing portion and the other end constitutes an “eraser” 
end, and Which, When moved across the display, indicates 
portions of the display are to be erased. Other types of input 
devices, such as a mouse, trackball, or the like could be used. 
Additionally, a user’s oWn ?nger could be the stylus 204 and 
used for selecting or indicating portions of the displayed 
image on a touch-sensitive or proximity-sensitive display. 
Consequently, the term “user input device”, as used herein, 
is intended to have a broad de?nition and encompasses 
many variations on Well-knoWn input devices such as stylus 
204. Region 205 shoWs a feedback region or contact region 
permitting the user to determine Where the stylus 204 as 
contacted the display surface 202. 

[0042] In various embodiments, the system provides an 
ink platform as a set of COM (component object model) 
services that an application can use to capture, manipulate, 
and store ink. One service enables an application to read and 
Write ink using the disclosed representations of ink. The ink 
platform may also include a mark-up language including a 
language like the extensible markup language @(ML). Fur 
ther, the system may use DCOM as another implementation. 
Yet further implementations may be used including the 
Win32 programming model and the Net programming 
model from Microsoft Corporation. 

Tablet Input Techniques 

[0043] FIG. 3 shoWs an example of various input tech 
niques that may be used to provide user input to an appli 
cation. Here, tablet input system 301 receives input from 
various sources. The sources may include a keyboard 302 
that receives user interaction 303. The resulting keyboard 
output 304 is sent to and interpreted by tablet input system 
301. A user may also control a mouse 305 (via clicking and 
moving the mouse 306) With the results outputted and 
interpreted by tablet input system 301. A user may further 
use a stylus to interact (309) With digitiZer 308 that results 
in output 310 that is interpreted by tablet input system 301. 
Finally, here, the digitiZer may also receive user input 311 in 
the form of direct user interaction With the digitiZer using a 
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?nger. The resulting interaction may be sent to the tablet 
input system 301 along the same pathWay 310 as that of a 
stylus-based input. 

[0044] The tablet input system may be supported, for 
example, by a tablet input service. The tablet input service 
provides programmatic to input on stylus-enabled comput 
ing systems. The touch input may be combined With a stream 
from the digitiZer relating to stylus input. 

[0045] Some aspects of the present invention relate to 
providing easy programmatical access to common input 
functionality. This may be performed using a tablet input 
service object that exists on a client. The corresponding 
server object may exist in the ink services platform tablet 
input subsystem (commonly referred to as Wisptis.exe). The 
service object and the client object may communicate over 
an Out of Process RPC (remote procedure call) via COM, 
for instance. 

[0046] The tablet input service object may be instantiated 
in the client address space. The tablet input service object 
may create the server object in the ink services platform 
tablet input subsystem. The client object may forWard calls 
to the server object. 

[0047] Situations may exist Where the server object is 
terminated. In this regard, all RPC calls to the server object 
may then fail When the ink services platform tablet input 
subsystem is terminated. The client process may then dis 
card all internal references and cocreate a fresh copy of the 
server object. The COM Would then restart the ink services 
platform tablet input subsystem via the tablet input service. 
The tablet input service can monitor the lifetime of the 
server object (startup, suspension, termination, and discon 
nection, for instance). The client side may then Wait on a 
named event. This event may be signaled by a neWly started 
instance of the ink services platform tablet input subsystem. 

[0048] FIG. 4 shoWs an example of the tablet input object 
and its relationships to other objects. The tablet object may 
exist as tWo components: a server side object 401 and a 

client side object 402. Here, an input service (server side) 
object 401 on the ink services platform tablet input sub 
system receives information from a digitiZer. The input 
service (server side) object 401 passes the received infor 
mation to the input service (client side) object 402 resident 
in, for example, an ink dynamic link library over process 
boundary 403. The input service (client side) object 402 then 
exchanges information With an input sink 404 of an appli 
cation (Which is distinct from the input service object 402 as 
shoWn by separation 405). This exchange of information 
may occur in an out of process remote procedure call (RPC) 
betWeen the IInputService interface of input service 402 and 
the ITabletInputSink interface for the input sink 404. Alter 
natively, RPCs can be used to handle some items (for 
instance, initial data exchange and handshaking) While a 
separate channel using a shared memory block exchanges 
other information. 

[0049] Inking objects may become disconnected from the 
rest of the system. Inking objects may include a tablet, tablet 
context, cursor, buttons, and the like. These may need to be 
reconnected to the system. Here, the ink services platform 
tablet input subsystem may maintain state information (such 
as tablet context id, cursor id, etc). On reconnect, the client 
side object 402 may then establish the mapping betWeen the 
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old ids and the newly created ids in the ink services platform 
tablet input subsystem. An alternative solution, Where the 
client side object 402 may notify applications to refresh 
these caches ids. 

[0050] The tablet input object may de?ne a number of 
different types of inputs including, but not limited to: no 
tablet input type, a mouse input type, a pen input type, and 
a touch input type. These may be enumerated as folloWs: 

[0051] 
[0052] b. TabletlnputType_Mouse 

[0053] 
[0054] d. TabletlnputType_Touch 

a. TabletlnputType_None 

c. TabletlnputType_Pen 

[0055] Other input types may also be used. For instance, 
another input type may be Whether or not a digitizer is 
integrated With a display. 

[0056] The tablet input object may include an enumeration 
of different types of broadcasts including at least one of 
broadcasting all, pen in range, pen out of range, and pen 
shake events. Here, this de?nes What Will be sent When an 
event occurs. 

[0057] The application programming interface alloWs an 
application developer a pathWay of knowing What kind of 
physical contact is being initiated by the user (or a pathWay 
of requiring a particular kind of interaction). The folloWing 
lists various additional aspects to the API: 

[0058] a. TabletlnputType enumerates the kinds of input 
possible on the system. This is referenced by lTablet 
lnputService. 

[0059] 1. This enumeration may or may not also 
include the ability for an application to knoW 
Whether Pen or Touch digitiZers are integrated (e.g. 
situated behind or in front of a display such that user 
interaction is directly With visual feedback on the 
screen) With a display. In some situations, digitiZers 
may be separate from the screen. In others they are 
integrated together. For instance, one type of external 
digitiZers includes USB connected digitiZers. 

[0060] 2. This enumeration may modify hoW touch is 
recogniZed by enabling, disabling, or explicitly 
choosing a mode (such as a kiosk mode). 

[0061] b. TabletlnputBroadcastType enumerates the 
kind of messages that the input service may send to 
running applications When something interesting hap 
pens (for instance, When the pen is in range of the 
digitiZer, out of range of the digitiZer, etc.). 

[0062] c. lTabletlnputService provides methods an 
application can use to interact With the input service 
and/ or manipulate its behavior. This may provide parity 
With existing control sets (including, for instance, With 
synchronous/asynchronous input systems, ink collec 
tion systems, and the like): 

[0063] l. RefreshFromSettings( ) may cause the input 
service to re-initialiZe its default behavior according 
to settings in a central settings store (eg the regis 
try)ithis Would be used When a control panel that 
alloWs users to manipulate timings for gestures like 
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tap or double-tap has been used to modify changes 
and the user has clicked an “apply” button. 

[0064] 2. QueryTabletlnputTypes alloWs the applica 
tion to quickly retrieve information about connected 
devices, and determine Whether it makes sense to 
spend more time loading and initialiZing code that 
utiliZes those devices. If the hardWare is not present, 
an application can reduce its initialiZation time by 
not initialiZing objects that make use of the hardWare 
that isn’t present. 

[0065] 3. RegisterForBroadcast refers to the 2nd enu 
meration, and alloWs an application to “opt-in” for 
receiving noti?cations When something interesting 
happens. By default these noti?cations may not be 
broadcast to all running applications for performance 
reasons since most applications do not do anything 
special With these system-Wide events. 

[0066] 4. UnregisterForBroadcast is the opposite of 
RegisterForBroadcast, and alloWs the application 
that has previously “opted in” to “opt out”. It is not 
necessary to call this method in order to avoid 
receiving broadcast noti?cations in the case Where an 
application is not interested in them at all. 

[0067] 5. lslnputTypeEnabled provides a shortcut 
means for an application to determine if the one 
speci?c type of input it requires is enabled. It pro 
vides an alternative to retrieving the full set of 
available input types and enumerating through them. 

[0068] d. ltabletlnputBroadcastSink is implemented by 
an application that has used RegisterForBroadcast in 
order to be noti?ed of one or more “interesting” system 
events. When interesting events occur, the input service 
can Walk through the registered applications and call 
the OnEvent method for each as appropriate (based on 
the speci?c noti?cation). 

[0069] One advantage to a tablet input object is that it can 
alloW control of the system (enable/disable speci?c types of 
input pen/touch), determination of What types of inputs the 
system has (for example, to adjust Ul elements siZe), and 
receipt of broadcasts. Broadcasts may be different from 
pen/touch events in a sense that they happen regardless of 
Whether or not the inking surface exists. 

[0070] Also, aspects of the tablet may include touch 
speci?c options. For instance, a tablet input panel (used for 
inking and having the ink recogniZed and inserted into an 
application) may include a ?nger-friendly skin come up 
When activated by a touch. Similarly, basic shell controls 
may behave differently to touch. For example, shell controls 
such as scroll bars or title grab bars may groW in siZe to 
make control of the shell via touch easier. 

[0071] An application programming interface for touch 
may include one or more of the folloWing: 

[0072] a. Programmatic control of When touch is 
enabled or disabled 

[0073] b. Differentiating mouse events generated by 
touch from those from a pen or mouse input. The 
differentiation may occur based on additional informa 
tion being passed With the mouse events. 
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[0074] c. Parity With existing pen messages (e.g. pen up, 
pen doWn) (that may re?ect, for instance, a ?nger 
contacting a tablet and a ?nger being removed from a 
tablet. 

[0075] d. Control of touch modes (for instance, using a 
kiosk mode). (A kiosk mode may include a limited 
interface mode Where user interface items are larger 
(for instance, larger buttons) and the user is not pro 
vided With a keyboard or mouse. Users may be con 
strained to full-screen applications, thereby limiting 
their use of the kiosk. Examples of a kiosk include 
automated checkin screens at an airport or gift regis 
tries in department stores.) 

[0076] Touch input may be disabled over certain user 
interface elements. For instance, touch input may be dis 
abled in a number of Ways including but not limited to: 1) 
if the input is received via WindoWs messages, then by 
looking at and responding to the message’s “extra info”, and 
2) if the input is received via touch ink stream, then a) by 
setting WindoW atom property, b) by responding to a tablet 
system query gesture status message, or c) by providing 
information in registry via class name or executable name. 

[0077] For example, message handlers for various mouse 
messages may include an indication that the mouse events 
Were created by touch. Here, for instance, one may extract 
the additional information using GetMouseExtralnfo( ) and 
inspect the information for a touch signature. Once a mes 
sage is determined to have been generated by touch, one can 
ignore the areas of the user interface unaffected by touch 
input. 
[0078] Similarly, to make UI changes, the system may 
inspect mouse messages and determine if the events Were 
the result of touch input. For instance, the system may use 
GetMouseExtralnfo( ) to aid in the determination. If yes, 
then the system may implement the UI changes including, 
for example, larger grab handles around visual objects may 
be used to alloW easier control of the visual objects. Also, by 
determining if mouse events Were created by touch, touch 
speci?c behavior may be enabled for a button that Was 
pressed or an operation that Was performed. 

[0079] Touch packets may contain the same or different 
set of properties as compared to pen packets. For example, 
if different, con?dence and area (indicating the area con 
tacted) may replace pen HID properties, such as tilt. Con 
?dence possibly including a measure of the digitizer 
device’s con?dence that the contact Was intentional. LoW 
con?dence means the contact probably Was accidental or a 
user’s palm, and high con?dence means the contact Was 
probably intentional or a user’s ?nger. Also, the HID usages 
reported may be a subset of those pen uses. GUIDs may be 
associated With the con?dence and area properties. Further, 
touch packets may introduce the folloWing neW properties: 
area (specifying the area), Width/height, and pressure. 

[0080] Mouse WindoW messages generated by touch or 
pen may have an additional signature attached. For instance, 
WM_LBUTTONDOWN (left mouse button doWn) may 
include additional information. The system may use Get 
MessageExtraInfo( ), for example, to retrieve the pen or 
touch signature from mouse messages. 

[0081] As an example, if the signature equals 
0><FF5157NN (Where NN is the cursor ID), the message Was 
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generated by a pen. If the signature equals 0><FFAEA8NN 
(Where NN is the cursor ID), the message Was generated by 
a touch device. Alternatively, the signatures for may have the 
upper 24bits of the 32 bit DWORD be the same for pen and 
touch: 0><FF5 l 57nn. Pen and touch may be differentiated by 
setting bit 7 to l for touch, for instance. So pen messages 
may typically have signatures 0><FF515700 (pen tip) and 
0><FF515701 (eraser), and touch messages may have signa 
ture 0><FF515780 (touch). This can be done so that a single 
bit check can be performed to test against both pen and touch 
messages, yet differentiation is also possible. This also helps 
With compatibility With older versions of pen input softWare. 
Using this extra information, the touch or pen-created mouse 
events may be placed in processing streams to be handled as 
mouse events. 

[0082] In some environments, including tablet input sys 
tems that include synchronous and asynchronous interfaces 
to handle pen or mouse events, a system can determine if a 
noti?cation is from a touch device by retrieving tablet 
context ID. For instance, a system may determine the tablet 
context ID, look to seek if one of the properties of the 
identi?ed tablet includes the tablet’s name, and checking to 
see if the term “touch” appears in the tablet’s name property. 
The occurrence of the term “touch” may be a strong indi 
cation that the tablet supports touch input. 

[0083] Some messages may not be relevant to touch input 
Where there is no support in some tablets. HoWever, some 
messages may be relevant to both touch input and pen input 
systems. For example, pen broadcast messages, cursor in 
range, cursor out of range, and shake may have touch 
equivalents With respect to some tablets. 

[0084] Like a pen, touch may be used to control hoW 
gestures are interpreted over a user interface. For example, 

a system, using WM_TABLET_QUERYGESTURESTA 
TUS, can set various touch gesture preferences such as tap 
preferred, drag preferred, and the like over parts of or all of 
a user interface. 

[0085] Various touch modes may be enabled or disabled. 
For instance, a hover Widget (a visual representation of When 
a cursor is over a speci?ed area) can be enabled/disabled 

through WM_TABLET_QUERYGESTURESTATUS. 
Additionally, the system may include a mode accessible 
through the WindoW message for disabling touch palm 
masking. Palm-masking is the ability of the system to 
prevent digitizer or screen contact With a person’ s palm from 
performing unexpected operations. A bene?t of an EM 
digitizer over a typical resistive touch digitizer is that the 
user is able to rest his or her palm on the screen While Writing 
With an EM stylus. When a touch-sensitive digitizer is used, 
the system may desire to knoW hoW to differentiate inten 
tional touch contact from unintentional palm contact While 
Writing. Furthermore, in an entirely touch-enabled environ 
ment if the screen is large enough and/or the orientation of 
the screen favors it, the user may rest his or her palm on the 
screen While using a ?nger to touch “buttons” on the screen 
(for instance, a calculator application). 

[0086] The present invention has been described in terms 
of preferred and exemplary embodiments thereof. Numerous 
other embodiments, modi?cations and variations Within the 
scope and spirit of the appended claims Will occur to persons 
of ordinary skill in the art from a revieW of this disclosure. 
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We claim: 
1. A computing system comprising: 

a processor, said processor supporting a tablet input object 
that receives various input information and forwards 
the information to an application. 

2. The computing system according to claim 1, said tablet 
input object including an input service object on a server. 

3. The computing system according to claim 1, said tablet 
input object including an input service on a client. 

4. The computing system according to claim 1, said tablet 
input object passing information to an input sink of said 
application using out of process remote procedure calls. 

5. The computing system according to claim 1, said tablet 
input object receiving touch input and forWarding mouse 
events to said application. 

6. The computing system according to claim 5, said tablet 
input object storing additional information in said mouse 
event indicating that said mouse event Was generated based 
on touch input. 

7. A computing system comprising: 

a digitiZer responsive to touch input; 

a processor that receives information from said digitizer, 
said processor generating mouse events based on infor 
mation from said digitiZer based on touch input, said 
mouse events being passed to an application. 

8. The computing system according to claim 7, said 
processor modifying a user interface When said mouse 
events Were created from touch input to said digitizer. 

9. The computing system according to claim 8, said 
processor modifying said user interface to include larger 
grab handles for visual objects. 

10. The computing system according to claim 8, said 
processor modifying said user interface to prevent touch 
from controlling at least a part of said user interface. 
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11. The computing system according to claim 7, said 
processor including an inking client, said processor restart 
ing said inking client. 

12. The computing system according to claim 7, said 
processor including an application programming interface 
that alloWs programmatical control When touch is enabled. 

13. The computing system according to claim 7, said 
processor including an application programming interface 
that alloWs said processor to handle touch messages as pen 
messages. 

14. The computing system according to claim 7, said 
processor including an application programming interface 
that alloWs control of touch modes. 

15. The computing system according to claim 7, said 
processor including an application programming interface 
that alloWs touch input to be disabled. 

16. The computing system according to claim 15, said 
application programming interface permitting disabling of 
touch input When additional information in messages indi 
cates touch should be disabled. 

17. The computing system according to claim 15, said 
application programming interface permitting disabling of 
touch input When a request to disable touch comes from a 
touch ink stream. 

18. The computing system according to claim 15, said 
application programming interface determining When a 
user’s palm has contacted said digitiZer and ignoring said 
contact. 

19. The computing system according to claim 15, said 
application programming interface alloWing touch input to 
be handled as both pen input and mouse input. 

20. The computing system according to claim 15, said 
application programming interface exchanging information 
using a shared memory. 

* * * * * 


